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This  paper reports  the  cellular  changes which  take place  in  the  popliteal 
lymph node of the rabbit following one or two injections of antigenic material 
into the homolateral foot-pad, and correlates them with the presence of anti- 
body in the individual cells as determined by immunohistochemical reactions. 
The results indicate that  the sharp rises in antibody detectable in  the serum 
within  the  1st days after stimulation by antigen reflect the numbers of cells 
engaged in antibody synthesis, and  that during this period  most if not all of 
the antibody produced is synthesized  during  the  multiplication and  differen- 
tiation of a  cell family the mature member of which is the plasma cell. These 
observations confirm, therefore, those of numerous investigations summarized 
below, and extend them one step further by the demonstration that these cells, 
as individuals, in fact contain antibody. 
The site of antibody formation, from the points of view both of the organs where 
it takes place, and the cell type responsible  for its synthesis, has been the subject of 
several exhaustive reviews in recent years. Fagraeus (I) and McMaster (2) have both 
collected  the  extensive literature on  the subject,  and Burner and Fenner  (3)  have 
contributed  a  monograph. The evidence  bearing on  the  tissues  in  the  body where 
antibody formation or storage takes place is described  in an accompanying paper (4). 
In this place, since we are concerned with the course of events during the synthesis of 
antibody we will summarize briefly the significant findings concerning  the progressive 
changes in cell population in a stimulated lymph node. 
McMaster and Hudack (5) first demonstrated in a convincing way that the regional 
lymph node draining the injection site of an antigenic stimulus was the site of forma- 
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tion or storage of antibody by finding higher titers there than in the blood.  Ehrich, 
Harris, and their colleagues  (6-8)  confirmed  and extended this observation in their 
studies of the popliteal lymph node of the rabbit. They found that antibody first 
appeared in the node on the 4th day after the first injection of antigen into the foot- 
pad,  that  the lymph emerging from the node contained  more antibody than  that 
entering it, and that this antibody was in the cells in the lymph rather than in the 
fluid. Topley (9) first demonstrated that cells transferred from the spleen of a stimu- 
lated  animal survived and  synthesized antibody in  a  recipient animal into  which 
they were injected, and this fact has been repeatedly confirmed for lymph nodes from 
stimulated animals (10-19). The cells contained little antibody at the time of transfer, 
sad no antibody rise  occurred  (or by its  timing could  be ascribed  to  transferred 
antigen) when the cells were killed before transfer. There has been no disagreement 
concerning  these facts, and they are firmly established. 
The cell type responsible for antibody synthesis, however, has been the subject of a 
slowly resolving confusion, brought about by the complicated and changing character 
of the  cell population in lymphatic tissue,  and the difficulty  of making a  positive 
identification  of the undifferentiated cells present in such tissue and present in larger 
numbers after antigenic stimulation. Students working with animals repeatedly in- 
jected with antigenic material have unanimously concluded  that the cell type asso- 
ciated with antibody production was the developing plasma cell (4, 20-29).  On the 
other hand, workers who examined  the primary response were at first led to believe 
that the lymphocyte was responsible  because of its very great predominance in anti- 
body-containing suspensions  made from once  stimulated lymph nodes  (6-8).  Also, 
the germinal centers in lymph nodes undergo a regular sequence of changes following 
the injection  of antigenic material (23, 24, 30, 31) which indicates that they are in- 
volved in some way in the response to such materials. However, these changes in the 
germinal centers reach their climax after the peak of the primary response in the rabbit 
(23, 24, 31).  A few later workers described  the development of limited numbers of 
plasma cells following one injection of antigen (31-34). 
Mter repeated injections  of antigenic material, or during infections,  a large mono- 
nuclear cell has been described in lymphatic tissue the nature of which was for long a 
subject of conjecture (35) and was described  as a histiocyte, lymphobiast, or myelo- 
blast, or an "acute splenic tumor cell." Rich e¢ a/. concluded from studies of its motion 
that it was a lymphoblast. All workers who have followed the sequential changes in 
lymphatic tissue  following  antigenic stimulation have seen  this cell, and  many of 
them have i11nstrated it. It occurs in the red pulp of the spleen, and in the medullary 
areas of the lymph nodes as a large primitive leucocyte with basophilic  cytoplasm, 
and is indistinguishable  in stained preparations from the "blast" precursors of any 
leucocyte. It has been called a hemocytoblast, a lymphoblast, a reticular plasma ceil, 
and a plasmablast. Cells similar in appearance also occur in the germinal centers of 
lymphoid nodules.  Attention became focused on the plasma cell by the work of Bing 
and Plum  (36), and BjCrneboe and Gormsen (20), and on the association between 
ribonudeoprotein and protein synthesis by the work of Caspersson  (38);  Bing,  Fa- 
graeus, and Thorell (39), therefore, made measurements of ultraviolet absorption on 
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ribonucleoprotein in the cytoplasm of both. Later, using methyl green-pyronine (40), 
Fagraeus (1,  21) studied  the development of such cells with time, and reached the 
conclusion that many of the primitive cells,  which she termed "transitional  cells," 
developed into plasma cells.  She also showed that  the production of antibody by 
fragments of spleen surviving in tissue culture was associated with the presence of 
plasma cells in the fragment. Subsequent workers have confirmed and extended these 
results (22-24, 28, 31, 39, 45). 
Finally, using an agglutination reaction on the surface of cells as a test for intracel- 
lular  antibody,  Reiss,  Ehrich,  and Mertens  (41)  and  Moe~hlln  and Demiral  (42) 
found  antibody present  in  both  immature  and  mature  plasma  cells.  Hayes  and 
Dougherty (43), however, carrying out the same reaction on stimulated subcutaneous 
tissue, found adherence of the organisms to small lympbocytes. 
Materials and Methods 
Ant/gcns.--The diphth¢~ tonoid used was a highly purified lot kindly supplied through 
the courtesy of Dr. James S. McComb and Dr. Harry E. Bowen by the Division of Biologic 
Laboratories,  Department  of Public Health,  Commonwealth  of M~mchusetts, Boston.  It 
contained (Lot PT 48) 3350 Lf/ml. and was injected in the fluid state in doses of 0.1 nd. of a 
I/2 dilution;  each dose therefore  contained about 165 If. The imman 7.globulin  used was 
supplied through the courtesy of Dr. J. L. Oncley. It was derived from blood collected by the 
American Red Cromj and contained about 16 per cent protein, 99 per cent 7-globuiin by elec- 
trophoresis, stabilized in 0.3 M glycine. It was injected in doses of 10 rag. contained in 0.1 
ml. 
An~isera.--The dipMho~ antitozin used was purified therapeutic horse antitoxin (Lot 3726) 
kindly  supplied by the Division of Biologic Laboratories  of the Commonwealth of Mama- 
chusetts. The anti-human T-globulin was prepared in rabbits by repeated intravenous injec- 
tion of alum-precipitated  human ~/-globuiin as described in reference 44. Both these antibody 
solutions were conjugated with fluoresce~ isocyanate as previously described (45), and purified 
by absorption with mouse liver powder~ and, in later experiments, by mouse liver and rabbit 
bone marrow powder, as described in rderence 4. 
Rabbita.--Male  alifmo rabbits weighing about 2500 gin. at the be~jnnl,g  of the ex~- 
ments were purchased from local dealers. They were fed a diet of Purina  rabbit pellets and 
given water ad libi~m.  For injection,  the flexor surface of the left  hind foot was shaved, 
painted with iodine and alcohol, and 0.1 mi. of antigen solution depesited through a 26 gauge 
needle subcutaneously  among the flexor tendons.  The shaved  arcs was then painted  with 
collodion. After various intervals  the rabbits were bled from the heart, and both the left 
and right popliteal lymph nodes, and occasionally other tissues, were removed, quick frozen, 
and stored for later histological examination for antigen and antibody.  A part of each node 
was  also fixed in formol alcohol, embedded  in parst~,  and stained  with  methyl green- 
pyronine. 
Histochemical e.zarainationsfor antigen and anJibody were carried out by the methods previ- 
ously described  (4)  on frozen sections. Adjacent  sections were stained  with  Giemsa after 
fixation on the slide in Bouin's fluid. 
Determln~on of anSbody tilers on the blood serum was carried out by the method of Fraser 
(46). Dilutions were made in borate buffer (47) at pH 7.6 containing 0.02 per cent crystalline 
bovine albumln~ modified from (48). Standard antitoxin  was kindly supplied by the National 
Institutes of Health. Toffi/n (No. 67K) was kindly supplied by the Divi~on of Biologic Labo- 
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RESULTS 
The Fate of Antigen Injected into the Foot-pad.- 
About 0.5  mg.  of  diphtheria  toxoid protein  (the  dose  described  under  Materials  and 
Methods) was injected into the left foot-pad of two rabbits, and they were killed with chloro- 
form at the end of 6 and  19 hours respectively. Sections of the left popliteal lymph node 
stained for toxoid showed groups and scattered cells throughout the medullary area and ex- 
tending into areas between the lymphoid follicles. The antigen-contalnlng cells had medium 
sized nuclei and a moderate amount of cytoplasm, but could not be further identified. In the 
19 hour animal the staining was fainter, and there was a small group of cells containing antigen 
in a  lymphoid follicle,  and  others around  small arteries. The striking observation was the 
large number of ceils in the medullary cords which contained antigen. A rare cell showed a 
spot of antigen in the nucleus. 
Similar observations were made with egg albumin and human ~-globulin. 
The Secondary Response.--The  secondary response is characterized  by the 
formation of colonies of cells in the homolateral lymph node following two 
injections into the foot-pad. Because these colonies are a prominent histological 
feature which  makes  the  identification  of the  cell  type involved easy,  the 
secondary response will be described first. 
Two series of animals were injected in the foot-pad with fluid diphtheria toxoid; one series 
received a second injection of the same dosage 4 weeks after the first, the other 6 weeks after 
the first. The animals were bled from the heart and killed with chloroform, usually in pairs, 
on the 2rid, 3rd, 4th, 8th,  14th, and 21st day. 
On the 2rot day after a secondary stimulus there were regularly present, in sections of the 
homolateral popliteal lymph node stained for antibody, large cells with a  thin rim of fluo- 
rescent cytoplasm, quite faint, indicating a low but definite concentration of antibody. These 
cells were scattered in moderate numbers (several per field at a magnification of 400) around 
the medullary border of the lymphoid follicles and in the medullary cords. They were often 
near each other, but not contiguous. In Giemsa preparations, they were easy to correlate with 
the fluorescence preparations because of their large size and their location. They had baso- 
philic cytoplasm and large vesicular nuclei. In parai~n sections from the same node (but not 
of course from an adjacent part of it), methyl green-pyronine preparations showed the same 
cells with pyronine-stained  cytoplasm,  and  one  or two pyronine-stained  nucleolL  Mitotic 
figures were common in these cells. 
In the preparations stained for antibody, the antibody was usually  diffusely distributed 
in the cytoplasm, with occasional spots in the nucleus  (see reference 49, Fig. 2). Occasionally 
there were parts  of the cytoplasm stained  for antibody,  with other areas  in the cell non- 
fluorescent, and in some cells there were small (1/~) bright spherical granules in the cytoplasm 
stained for antibody. 
By the 41h day there were clusters of smaller brightly fluorescent antibody-containing cells 
scattered in profusion throughout the medullary cords and around the medial borders of the 
follicles, sometimes extending almost to the periphery of the node. These cells usually occurred 
in colonies.  In the Giemsa preparations these colonies were readily visible in the same loca- 
tions, and consisted of cells with smaller, round, or oval nuclei, and relatively more abundant 
cytoplasm than the cells described on the 2nd day. A pale centrosome was often visible adja- 
cent to the nucleus in the otherwise deeply basophilic cytoplasm. The nucleus was usually 
but not always eccentric. Most of these cells,  in which mitotic figures  were frequent, were 
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The fluorescence due to antibody increased in brilliance from the immature to the mature 
ceils. There were frequent patches of antibody in the nuclear shadow of the less mature ceils, 
but these became less frequent in the more mature ones. 
In the animals sacrificed  on the 8th,  14th, or 21st day following the second injection the 
number of antibody-containing ceils had decreased to about 10 per section. Most of them were 
mature plasma cells. 
Usually the lymphoid follicles were empty of antibody-containlng cells, but in an occasional 
rabbit  (two sacrificed on the 4th and one on the 8th day after the second injection) a small 
number of antibody containing cells were found within the area of some of the follicles. They 
TABLE I 
Primary Response to 165 L/of Fluid Diphttucia Toxoid 
Rabbit No. 
7-26 
7-27 
7-6O 
7-61 
7-29 
7-30 
7-62 
7-63 
7-31 
7-32 
7-33 
7-34 
7-65 
7-66 
7-36 
7-37 
7-70 
7-83 
7--42 
Time after injection 
da~ 
2 
2 
2 
2 
4 
4 
4 
4 
6 
6 
8 
8 
8 
8 
14 
14 
16 
35 
42 
No. cells  in a section 
containing antibody 
About 
About 
0 
0 
0 
0 
1 
10 
3 
6 
0 
16 
20 
35 
50 
50 
0 
9 
0 
3 
0 
Serum antitoxin titer 
un/ts 
<0.001 
<~0.001 
<~0.001 
<~0.001 
<0.001 
<0.001 
0.002 
0.001 
0.002 
0.001 
0.003 
0.003 
0.01 
0.06 
0.003 
0.003 
0.01 
occurred as small dusters of ceils of the size of the "blast" forms described on the 2nd day 
above, and  occasional isolated mature plasma cells were sometimes seen in the outer part 
of the follicle on its medullary side. In some nodes there were spidery strands of fluorescent 
material between and inside ceils eccentrically located inside a lymphoid folllcle.  Since these 
appeared in adjacent sections, in the same location, they were evidently not artifacts. 
The lymph node from the right popliteal space (the side opposite the antigen injection) 
usually  showed  a  few antibody-containing  cells in  those animals which had  received two 
injections of antigen. 
The  Primary  Response.--After  a  single  injection  of  antigen  into  the  left 
hind  foot-pad,  antibody-containing  cells were first  detectable  on  the 4th  day. 
They  were large  cells,  with a  thin  rim  of faintly  to moderately  brightly  fluo- 
rescent  cytoplasm,  scattered  singly  in  the  medullary  area  near  the  edges  of 
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In a typical node there were from 10 to 20 such ceils in a whole section, in marked con- 
trast to the hundreds of antibody-containing cells at a similar time in the secondary response, 
and in marked contrast to the hundreds of ceils containing antigen 3 days before. On the 6th 
and 8th days after a single antigenic  stimulus the number of ceils had increased to about 
fifty more mature cells, some of them mature plasma cells (under the fluorescence  microscope), 
stir isolated or occasionally in pairs.  By the 14th day there  were only 9 cells in a  section 
from one rabbit,  and none in one from another.  At longer intervals,  random sections dis- 
closed a few cells or none. 
Table  I  lists  the  counts of random sections  (one/node),  and  the antibody 
titers  of one  series  of animals  responding  to  one injection;  Table  II is from 
another  small  series responding  to a  second injection  5  weeks after  the first. 
The counts of cells in a  whole section, which are recorded in this table,  are at 
TABLE II 
Secondary Response to  165  Lf of Fluid  Diphtheria  Toxoid  5  Weeks after a  First Stimulus 
Rabbit No.  Time after 2nd injection  No. of cells containing a~atibody  Serum antitoxin titer 
7-89 
7-90 
7-91 
7-93 
7-94 
7-95 
day 
2 
2 
3 
4 
4 
8 
"Abundant" (hundreds) 
"Very abundant" 
"Less than No. 7-93" 
About 25 and antibody in 
2 germinal centers 
gnus 
0.~2 
0.~1 
1.0 
3.6 
1.8 
3.2 
best a  gross approximation of the cells in the lymph node, since the nodes are 
not  homogeneous.  This  was  indicated  by  a  considerable  variation  shown  in 
different  sections  of the  same  node.  This  no doubt accounts for the  lack  of 
correlation,  at  these low levels of antibody response,  between  the number of 
cells recorded and  the antitoxin titers. 
The same cellular findings were made in the case of egg albumin and human 
gamm~ globulin. 
DISCUSSION 
It seems clear from all the evidence that the cells responsible for the synthesis 
of antibody shortly after the injection of a  second antigenic stimulus are mem- 
bers of a  family which arise from some undifferentiated precursor as the direct 
result  of  the  stimulus.  The  first  cells  which  demonstrably  contain  antibody 
and can therefore be assigned to this family are large cells with a  thin rim of 
basophilic  cytoplasm  and  large  nuclei  whose  appearance  is  indistinguishable 
from that of other primitive hematogenous cells. During the 2 or 3  days after 
their  first  appearance  they  multiply,  synthesize  antibody  specific  for  the 
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mature to mature plasma cells. Their descendants form colonies in the medul- 
lary areas of the lymph node, and these colonies often merge with others to 
form larger colonies. 
The course of events described above for the secondary response takes place 
on a  very small  scale when only one injection of antigen is administered,  al- 
though the cell-types involved are indistinguishable in form and location under 
the fluorescence microscope when stained for specific antibody. This paucity of 
cells engaged in antibody synthesis during the primary response accounts, in 
our opinion,  for the difficulties  encountered by those workers who have tried 
to distinguish the cell type responsible for this limited response in the complex 
cell population of the lymph node (el. reference  50). 
The synthesis of antibody is not the usual outcome of the uptake of antigen 
by previously unstimulated  cells. Hundreds of cells in a  section through  the 
medullary  areas  contain  antigen  24  hours  after  a  single  injection,  and  yet 
4 days later only about fifty of them contain demonstrable antibody. If, how- 
ever, a  second injection is given a month after the first,  it then appears that 
this stimulus acts as a trigger mechanism which detonates a remarkable biologi- 
cal event engaging many cells in the area where the first antigen was deposited. 
This event consists of the concurrent inauguration  of cell differentiation, cell 
multiplication,  and  the synthesis of a  new protein.  This raises the question 
whether the "primAry response" exists as such on a cellular  level,  or whether 
the synthesis of antibody results only after the uptake of two doses of antigen 
by the same primitive cell of the proper variety, with some unknown but neces- 
sary intracellular  event intervening.  In only a  few of the cells, perhaps,  has 
this event taken place after one injection before the concentration of antigen 
has fallen so low as to m~lre a second encounter unlikely. 
The implication of the experimental facts concerning  antibody production is 
that the cell type responsible does not exist in the absence of stimulation; that 
the plasma  cell family is a  specific response to antigenic  stimulation,  and is 
engaged  in  antibody  synthesis  whenever  encountered,  except perhaps  as  a 
neoplasm. If this is true, the resulting globulin then must always be a specific 
antibody, with no "normal" inactive prototype. The course of cellular  events 
also has an obvious bearing on theories of antibody production. The template 
theory proposed by Breinl and Haurowitz (51) and by Mudd (52), and elab- 
orated by Pauling (53) postulates that an antigenically active molecular frag- 
ment,  by its presence inside a  cell, modifies  the surface configuration of the 
protein molecules  being synthesized at the time, a  surface complementary to 
the intruding molecule resulting.  It has been difficult to reconcile  this theory 
with  the  long  observed differences  between the primary  and  the  secondary 
responses,  as Burnet  and  Fenner  (3)  have pointed out in  their  monograph. 
When these differences  are emphasized by a  study of the cellular  events re- 
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form is inadequate to explain such an intricate biological minuet. There is no 
cellular evidence of a normal synthetic process which could be modified in its 
final stages by the presence of antigen. Nor, evidently, does the intracellular 
presence of antigen result in antibody formation at once, but requires a latent 
period and a second stimulus. Knowledge of the nature of this postulated latent 
change in  some primitive cell  impressed by the first exposure  to antigen is 
fundamental  to  an  understanding  of  the  mechanism by  which  an  antigen 
molecule can impose a complementary surface pattern on an antibody molecule. 
We have no direct evidence concerning the identity of the undifferentiated 
cells in which this change takes place. It is clear that the ability to take up 
antigenic material is not the only asset which a  cell destined to differentiate 
into an antibody-producing cell must possess.  In another place  (4)  we have 
presented evidence that the Kupffer cell does not engage in synthesis of anti- 
body although it actively takes up injected antigen (44).  As Ehrich et al.  (31) 
have pointed out, much confusion has resulted from thinking of all cells which 
take up such foreign materials (classified  together as the reticulo-endothelial 
system) as equivalent in function or in potentiality. Parsons  (54),  Marshall 
and White (23),  and Ehrich et al.  (31)  have expressed the opinion that the 
primitive cell from which the plasma cell family arises is the reticular cell of 
Maximow (55).  On the other hand, Ringertz and Adamson (24)  have found 
situations where the "reticulum cell" hyperplasia following antigenic stimula- 
tion was not correlated with the number of plasma cells demonstrable later. 
There is nothing in our evidence which sheds direct light on the origin and 
wider relationships of the specific large "blast" form which is the first cell in 
which we have been able to demonstrate antibody. However, the subsequent 
development of this cell lineage is dearly marked by the increasing amounts of 
antibody present  in  the  series,  just as  the  developing erythrocyte series is 
distinguishable by increasing amounts of hemoglobin (31). 
The occasional presence of antibody in the lymphoid follicles assumed two 
appearances in our material: in typical "blasts" at the center of the foliicles, 
and  occasionally in  small amounts in association with small ceils probably 
lymphocytes. It is difficult to interpret these two findings with the facts avail- 
able. After a  single injection of antigen little or no antigen appeared in the 
follicles, so that undifferentiated cells in the germinal centers, although capable 
of antibody synthesis after stimulation and differentiation, were perhaps not 
stimulated. Dunn (56) has reported the occurrence of mature plasma cells in 
the centers of the follicles in old mice. The antibody detected in and around 
small lymphocytes may have been due to  the occasional synthesis of small 
amounts by these cells, but the appearance morphologically was not sharply 
limited to individual cells, as was the case in the medullary areas; it occurred 
over an area of the follicle  involving a  number of cells in an indistinct way, 
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family of cells obviously can not be excluded from participation in the formation 
of antibody, although under the conditions of our experiments its contribution 
was minor if present at all. 
The  same  general  morphological  features  have  been  described  following 
antigenic stimulation in the rabbit,  the mouse (57),  the guinea pig (58), and 
the  chicken  (34)  during  stimulation  by bland  protein  antigens,  diphtheria 
toxoid,  and  bacterial  vaccines.  Moreover,  antibody itself  has  been demon- 
strated  in  the plasma cell family in  the mouse (57)  and guinea pig (58),  as 
well as in the rabbit. Recently, White has demonstrated anti-proteus antibody 
in mice and rabbits in plasma cells containing Russell bodies (57). 
CONCLUSIONS 
After an antigenic stimulus, antibody is first demonstrable in the cytoplasm, 
and often in a  spot in the nucleus,  of large,  immature cells in the medullary 
areas of the lymph node draining the site of injection. Morphologically, these 
cells have basophilic  cytoplasm and a  large nucleus,  and are typical hematog- 
enous stem cells. As these cells multiply and  differentiate,  the  concentration 
of  antibody  in  their  cytoplasm increases,  until  colonies  of  typical  mature 
plasma cells containing antibody have developed. 
There  is a  marked  difference  between the primary and  the secondary re- 
sponses,  the former characterized  by the development of very few antibody- 
containing  cells while  in the latter there are hundreds in a  similar  area. The 
morphology of the cells involved in both responses  is identical. 
Occasionally,  antibody was also found in low concentration  in association 
with the lymphoid follicles. 
The implications of these findings for an understanding of antibody synthesis 
are discussed. 
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EXPLANATION OF PLATES 
The photomicrographs of the  frozen  tissue  sections  were  taken under  the  fluo- 
rescence  microscope. The lightest areas are those emitting the yellow-green  light of 
fluorescein  and indicate sites of antibody present in the tissue sections;  in a few in- 
stances they represent whitish  or reddish light from naturally occurring  fluorescent 
aggregates normally present  in  rabbit  tissues.  The  darker  areas  indicate  the  less 
intense  blue-gray autofluorescence  of other tissue  elements. 
PLATE 11 
FIG. 1.  Rabbit 7-29. Left popliteal lymph node.  Primary response to diphtheria 
toxoid.  4th day. Stained for diphtheria antitoxin. This late "blast" form, containing 
antitoxin in the cytoplasm, was the only cell containing antibody found in the whole 
section.  X  560. 
Fxo. 2.  Rabbit 7-63. Left popliteal lymph node.  Primary response to diphtheria 
toxoid. 4th day. Stained for diphtheria antitoxin. An isolated and somewhat distorted 
cell, more mature than that in Fig.  L X 560. 
FIo. 3.  Rabbit 9-14. Left popliteal lymph node. Secondary response to diphtheria 
toxoid. 4th day. Stained for diphtheria antitoxin. A typical secondary response show- 
ing scattered clumps of antitoxin-containing ceils in the medullary area around the 
lymphoid follicle seen free of antibody at the right. ×  280. 
FIG. 4.  Rabbit 7-93. Left popliteal lymph node. Secondary response  to diphtheria 
toxoid.  (First  injection:  January  12,  1953; second  injection:  February  16,  1953.) 
4th day. Stained for diphtheria antitoxin.  A colony of antibody-containing cells in 
the medullary area of the node. The antibody is diffuse in the cytoplasm, and some 
of the cells show spots of antibody within the nuclear shadow.  ×  560. 
FxG. 5.  Rabbit 8-34. Left popliteal lymph node. Secondary response to diphtheria 
toxoid.  (First injection:  April 8,  1953; second  injection:  April 24,  1953.) 4th day. 
Scattered cells containing antitoxin in the medullary area. Note the prominent spots 
within the nuclear shadow of one of them. ×  560. 
FIG. 6.  Same section  as Fig. 5, but the field is inside a lymphoid follicle. There is 
antitoxin in streaks between the cells, and also in the cytoplasm of some of them. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 102  PLATE  11 
(Leduc el  al.:  Studies on antibody production. II) PLATE 12 
FIG. 7.  Rabbit 7-91. Left popliteal lymph node. 3rd day of the secondary response 
(conditions otherwise the same as for Rabbit 7-93 in Fig. 4). An immature cell, with 
granules containing antibody in the cytoplasm, and scattered artifacts. 
FIG. 8.  Rabbit 7-91,  as in Fig. 7.  Somewhat more mature cells. 
FIG. 9.  Rabbit 7-93  (for details see Fig. 4  above).  Groups of more mature  cells 
on the 4th day. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 102  PLATE  12 
(Leduc et  al.:  Studies on antibody production. II) PI_ATE 13 
Fro.  10.  Drawings of three fields showing the appearance under the fluorescence 
microscope  of  cells stained for diphtheria antitoxin. The yellow-green areas  reveal 
the location of the antitoxin. Drawing by E. Piotti. 
FIG. ll.  Rabbit 9-07. Left popliteal lymph node. 2nd day of a secondary response. 
Several large cells with a thin rim of cytoplasm are visible, the one at the top with 
demonstrably basophilic  cytoplasm.  These  cells  contain  diphtheria  antitoxin,  as 
judged by the fact that an adjacent section stained for antitoxin showed  about the 
same number of cells of the same size, shape,  and location. The other cells in the area 
contained none. Frozen section. Giemsa.  ×  650. 
Fro. 12.  Rabbit 6-39 (see reference 4). Spleen, red pulp. Showing a clump of mature 
plasma cells. These cells contain antihuman gamma globulin as judged by the fact 
that an adjacent section stained for this antibody showed about the same number of 
cells of the same size, shape, and location. Frozen section.  Giemsa. X 650. 
FIG. 13.  Rabbit 7-42. Left popliteal lymph node. 2nd day of a secondary response 
to  diphtheria  toxoid.  Showing  two  blast  forms,  one  in  mitotic  division.  Formol- 
alcohol  fixation, paraffin section. Methyl green-pyronine. X  1640. 
FIG. 14.  Rabbit 7-93. Left popliteal lymph node. 4th day of a secondary response 
to  diphtheria  toxoid.  Showing  immature and  mature plasma cells.  Formol-alcohol 
fixation, paraffin section. Methyl green-pyronine. X  1640. 
(Note: Figs.  13 and 14 were taken from different parts of the lymph node from the 
ones studied for antibody, a necessary procedure in order to fix and embed them for 
pyronine staining (see reference  4). The cells shown in Fig. 11, and in Fig. 2 of refer- 
ence 58, are almost surely the same, as judged by size, shape,  location, and time of 
appearance and contain diphtheria antitoxin with high probability. The content of 
antibody in the cells in Fig.  14 is less certain, since  rabbit lymph nodes contain a 
moderate number of plasma ceils in the absence of experimental stimulation; however, 
it is likely that some of them contain diphtheria antitoxin.) 
The colored photomicrographs, and those reproduced in Figs.  7 to 9 were taken by 
Mr. Leo Talbert. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  102  PLATE  13 
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